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CD147, also named basigin (Bsg) or extracellular matrix (ECM) 
metalloproteinase inducer (EMMPRIN), is a highly glycosylated 
protein first identified as a tumor cell surface molecule. In 
cancer, it is well established that CD147 promotes metastasis 
by stimulating the production of MMPs. Recent studies have 
also suggested that it may be associated with tumor growth 
and angiogenesis. Interestingly, CD147 is expressed in germ 
cells of different development stages in the testis and its 
knockout mice are infertile, indicating an essential role of 
CD147 in spermatogenesis. While the detailed involvement 
of CD147 in spermatogenesis remains elusive, our recent 
findings have revealed a dual role of CD147 in germ cell 
development. On the one hand, it regulates the migration of 
spermatogonia and spermatocytes via the induction of MMP- 
2 production; on the other hand, it specifically regulates the 
survival/apoptosis of spermatocytes but not spermatogonia 
through a p53-independent pathway. In this review, we aim to 
provide an overview on the functions of CD147, comparing its 
roles in cancer and the testis, thereby providing new insights 
into the regulatory mechanisms underlying the process of 
spermatogenesis. 



Introduction 

Spermatogenesis is a multi-step process involving a number of 
cellular events including mitosis, meiosis, cell migration, apop- 
tosis and differentiation, which enable the germ cells to undergo 
several developmental stages, from spermatogonia to primary 
and secondary spermatocytes, round spermatids and eventually 
spermatozoa. Germ cells simultaneously undergo differentiation 
and migration from the basal compartment toward the adlumi- 
nal compartment during spermatogenesis. The migration of germ 
cells requires a highly orchestrated network that involves the 
endocrine/paracrine signaling and restructuring of the cell adhe- 
sion complex, namely, the ectoplasmic specialization (ES). The 
ES is a very important structure between Sertoli cells or Sertoli 
cells and germ cells during spermatogenesis, which is promi- 
nently identified at the blood-testis barrier (BTB, also known as 
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basal ES) and Sertoli-germ cell adhesion junctions (apical ES).'"' 
The migration of germ cells in the testis is accompanied with var- 
ious differentiation processes. During the first meiotic division, 
the cell cycle progression is prolonged and DNA double strand 
breaks (DSBs) are being generated in order to allow the genetic 
recombination through chromosome crossover. The primary 
spermatocytes survive the cell cycle arrest and the naked DNA 
through the acquisition of autocrine /paracrine survival signals^'' 
and the activation of DNA repairing machinery.'''^ To ensure the 
integrity of the genome, spermatocytes that failed to repair the 
DNA mismatch and double strand breaks are eliminated through 
apoptosis.^ Therefore, the differentiation of germ cells is tightly 
coupled to germ cell migration as well as apoptotic activity dur- 
ing spermatogenesis. 

Over the past decade, there has been a tremendous augmenta- 
tion in our understanding of the regulation of ES formation and 
restructuring, which has been extensively reviewed.^'''" However, 
little is known about the molecules on germ cells that regulate the 
germ cell migration process. Interestingly, emerging evidence has 
indicated an important role of CD147, a membrane protein origi- 
nally found in cancer, in both germ cell migration and survival/ 
apoptosis. This review aims to provide an overview on the func- 
tion of CD147 and discuss its emerging roles in spermatogenesis 
and the underlying mechanisms. 

Structures and Expression of CD147 

CD147, also known as EMMPRIN and Basigin,'^ is a member 
of the immunoglobulin superfamily (IgSF). The protein con- 
tains two (short isoform) or three (long isoform) extracellular 
Ig domains at the N terminus, a highly conserved transmem- 
brane domain and a short cytoplasmic tail at the C terminus. The 
atypical charged amino acid, glutamic acid, present in the trans- 
membrane domain has been shown to be important for the inter- 
action of CD147 with other proteins in mediating its function." 
Multiple glycosylation sites have been found in the Ig domain 
and the protein is expressed as a highly glycosylated transmem- 
brane protein.'* " Glycosylation appears to be important for the 
function of CD147 and may serve as a regulatory mechanism.'^"'* 
The expression of CD147 in normal tissue was found mainly 
restricted to the reproductive tract, brain, eye and muscle. "'^^ 



264 



Spermatogenesis 



Volume 2 Issue 4 



REVIEW 



However, reactivation of CD147 was observed in different 
tumors including the brain/' lung, breast,^'' colon,^''^*" bladder^^ 
and liver,^'* and found to be associated with the invasiveness of 
the cancers. Therefore, CD147 has been considered a biomarker 
for cancer diagnosis and prognostic molecule.^' 

Role of CD147 in Cancer Metastasis 

The pathological roles of CD147 in tumorigenesis and cancer 
metastasis are well documented to be associated with its ability to 
induce the expression of matrix metalloproteinases (MMPs).'^'"'^' 
It is well established that the migration and metastasis of can- 
cer require the degradation of extracellular matrix (ECM), the 
degeneration of cell adhesion molecules on cancer cells, and 
the formation of new blood or lymph vessels. The degradation 
of ECM requires a number of different proteases including the 
MMPs family and the urokinase plasminogen activator (uPA) 
system.'" CD147 was originally identified as a tumor cell surface 
molecule, which possesses the ability to induce MMP-1 expres- 
sion." Lim et al. reported the high expression of MMP-1 in the 
stromal fibroblasts which were adjacent to the CDl47-expressed 
tumor cells in lung cancer. Moreover, activation of p38 was 
found to induce the CD147 upregulated expression of MMP- 
1.'" Subsequent studies further demonstrated that CD147 was 
able to stimulate the expression of MMP-2, MMP-3, MMP-9 
and MMP-11 in fibroblast cells as well as in tumor cells, which 
was associated with tumor cell migration and invasion.'"''' '' The 
mechanisms by which CD147 upregulates MMPs family appear 
to depend on its interaction with other proteins. Interestingly, 
blocking the interaction between CD147 and 0d6|31 integrin by 
antibody treatment and knockdown of CD147 by siRNA both 
result in significant reduction in MMP-2 and MMP-9 secretion, 
indicating that CDl47-ct6(31 integrin interaction may be an 
upstream mechanism regulating MMPs activity."" Moreover, the 
interaction between CD147 and integrin has been reported to be 
associated with cellular architecture'^ and invasion potential in 
human hepatocellular carcinoma (HCC) cells."* ''" 

The role of CD147 in cancer migration may not limit to 
the regulation of MMPs expression. Lescaille et al. have dem- 
onstrated that CD147 stimulates the invasion of oral squamous 
cancer cell carcinoma by upregulating uPA expression,'" indicat- 
ing that CD 147 may be able to activate other proteases besides 
MMPs. Dai et al. reported that CD147 interacted with a6(51 
integrin in human HCC cells and stimulated the tumor invasion 
process via PI3K pathway."" Zhao et al. also revealed that CD147 
enhanced the mesenchymal movement by activating integrin- 
FAK-PI3K signaling pathway and inhibiting the phosphorylation 
of annexin II and amoeboid movement in HCC cells."*^ The abil- 
ity of CD147 in regulating the expression of both MMPs family 
and uPA system, together with its ability to regulate cell adhe- 
sion dynamics through protein-protein interactions, have made 
CD147 one of the most important regulators of cancer migration 
and metastasis and a strong candidate for anti-tumor therapy."'^' 

Compared with the better characterized downstream targets 
and signaling, the molecules that are involved in regulating the 
expression and function of CD147 in cancers are poorly defined. 



A recent study has shown that TCP- (3, a key regulator of epithe- 
lial mesenchymal transition (EMT), can up regulate the expres- 
sion of CD147 through PI3K/Akt/GSK3|3/Snail/Slug signaling 
cascade whereas ectopic overexpression of CD147 can also result 
in elevated level of TCP- (3,'" suggesting a positive feed-back loop 
in regulation of EMT and cancer metastasis in HCC. Taken 
together, CD147 is well documented to play a key role in cancer 
cell migration and metastasis. 

Role of CD147 in the Reproductive System 

CD 147 has been reported to be expressed in both the male and 
female reproductive tracts. In the female reproductive tract, 
CD 147 is expressed in the ovary,''* uterine endometrium,'""*^ 
placenta and fetal membranes.'"* Increased expression of CD147 
has been observed in the endometrium and the trophoectoderm 
of the embryo during blastocyst implantation.'" '" In mouse tes- 
tis, the expression of CD 147 is reported to first appear at 7 days 
postpartum (dpp) and gradually increase in a developmental- 
dependent manner.'" Several studies have demonstrated that 
CD147 is localized in mouse leptotene spermatocytes and step 
9-11 spermatids" and on the head region of capacitated sper- 
matozoa.'^ In our recent study, we further demonstrated that 
CD 147 was also expressed in spermatogonia in both human 
and mouse testes.'" 

Knockout of CD147 leads to subfertility in female mice while 
the male mice are infertile." The subfertility in female mice was 
proposed to be resulted from fertilization and implantation fail- 
ure due to reduced MMPs production.'" It should be noted that 
CD147 knockout embryos undergo normal early preimplanta- 
tion development, suggesting that CD147 is dispensable for the 
process.'" Male CD147 knockout mice were reported to be infer- 
tile with germ cells arrested at meiotic metaphase and degener- 
ating germ cells observed within the seminiferous tubules.'"'" 
However, the detailed mechanism underlying the CD147 knock- 
out-induced infertility in males had not been delineated until 
recently. 

CD147 is Required for the Migration 
of Spermatogonia and Spermatocytes 

Although germ cell migration is a characteristic feature of sper- 
matogenesis and CD147 is known to be expressed in germ cells 
of all developmental stages in the testis, its role in spermatogen- 
esis remained uninvestigated until recently. Early reports on 
the function of CD147 in male reproductive system have been 
focused on its function in spermatozoa. Saxena et al. reported 
that CD147 was glycosylated on spermatozoa, however, during 
their transit through the epididymis, CD147 underwent degly- 
cosylation.'^ Whether the deglycosylation is required for normal 
function of CD147 in spermatozoa remains elusive. Nonetheless, 
using immunodepletion approach, the researchers further dem- 
onstrated that CD 147 might play a role in mediating the primary 
binding of spermatozoa to the zona pellucida during sperm- 
cumulus interaction.'^''' 
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Early stage germ cell migration and cancer cell migration are 
similar in that both require the degradation of ECM and the 
degeneration of cell adhesion molecules. The dissociation of sper- 
matogonia from the basement membrane of the testis is the first 
step in germ cell migration. Although the niche for spermatogo- 
nia is not well characterized, the basement membrane, which is 
considered a modified form of extracellular matrix (ECM), has 
been found to be mainly composed of laminin, collagen, and 
fibronectin.'^ Laminin has been demonstrated to support the 
proliferation of spermatogonial stem cells.'^ Cell adhesion mol- 
ecule pi integrin, which mediates the binding of the germ cells 
to laminin, is required for the homing of spermatogonial stem 
cell to the niche.'^ It has been suggested that the detachment of 
spermatogonia from basement membrane may require the dis- 
ruption of the (31 integrin-laminin interaction possibly through 
the activation of different kinds of ECM proteases. 

MMPs family represents the largest class of proteases with 28 
family members currently identified." MMP-2, 7 and 9 are the 
well-characterized members with known substrates. The sub- 
strates for MMP-2 include gelatin, laminin, fibronectin, collagen 
type I, II, IV, V and VII. MMP-7 and 9 share similar substrates 
including gelain, proteoglycans, fibronectin and collagen type 
jy 58,59 Qf jj^g 28 MMPs identified, 18 of them have been shown 
to be expressed in the testes."^" Since CD147 is known to regulate 
the expression of multiple MMPs in cancer cells, we have also 
investigated the possible involvement of CD147 in regulating 
MMPs in the testis.^" Among the eight MMPs that are known 
to be regulated by CD147, we have found that MMP-2, MMP-7, 
MMP-9 and MMP-23 are differentially expressed during testicu- 
lar development. CD147 and MMP-2 are also co-localized on the 
surface of spermatogonia, spermatocytes and round spermatids 
in adult mouse seminiferous tube. Interfering CD147 function 
by immunodepletion in vitro results in a decrease in the migra- 
tion rate of both GC-1 cells (immortalized spermatogonia) and 
GC-2 cells (immortalized spermatocytes), accompanied with 
the reduction of MMP-2 expression and activity, suggesting that 
CD147 may regulate the migration of spermatogonia and sper- 
matocytes by regulating MMP-2.^° Whether CD147 may also 
regulate other MMPs in the testis requires further investigation. 

After entering the meiotic cycles, the preleptotene spermatocyte 
will leave the basal compartment, transit through the recontruc- 
turing BTB and enter the adluminal compartment. Unlike other 
"blood-tissue barrier" which mainly comprise of tight junctions, 
the "blood-testis barrier" is formed by coexisting tight junctions, 
desmosome-gap junctions and basal ectoplasmic specialization 
(ES), a testis-specific actin-based anchoring junction.''''' After 
completing the second meiotic cycle, round spermatids undergo 
spermiogenesis and give rise to elongated spermatids and sperma- 
tozoa. The development of germ cells of various stages is guided 
and nursed by Sertoli cells through apical ES, which unlike basal 
ES, exists in the germ cell-Sertoli cell interface. ""^ After spermio- 
genesis, the spermatozoa are released to the lumen through the 
dissolution of apical ES, a process known as spermiation. Protein 
networks involved in BTB, basal and apical ES are complicated. 
The cell-cell interaction is mediated by integral membrane pro- 
teins and adaptors or scaffolding proteins.'" ''^ These include the 



cadherin/catenin complex, the nectin/afadin complex and the 
a6(31-integrin/laminin "y3 complex in the ES; and the occlud- 
ing/ZO-1 complex in the tight junction. '^'^^ Besides, a number 
of motor proteins, trafficking proteins, regulatory and signal- 
ing proteins, cytoskeletal proteins and proteins with specialized 
functions such as MMPs are also involved in the complex net- 
works of ES.^''^^ The presence of CD147 interacting protein (31 
integrin and downstream target MMP-2 in the ES suggests that 
CD147 is likely to regulate the migration of more differentiated 
germ cells other than spermatogonia and spermatocytes through 
the BTB and basal ES. Indeed, co-localization of CD147 and 
MMP-2 has been found in round spermatids.'" However, the role 
of CD147 in migration of more differentiated germ cells remains 
elusive due to the lack of in vitro model and technical limitation 
for in vivo study. 

CD147 as an Initiator of ES 
and BTB Restructuring? 

The disassembly of basal ES and dissolution of apical ES are 
coupled events that are observed at Stage VIII of the seminifer- 
ous tubules. Recently, Yan et al. have shown that active protein 
fragments from laminin (33 domain I or laminin ^3 domain 
IV of the apical ES are able to perturb BTB functions in cul- 
tured Sertoli cells,'"'' suggesting that the coordination between 
basal and apical ES is mediated by these laminin fragments. 
Since laminin is expressed in chains in ECM, it is believed that 
a protease is required for the production of biologically active 
fragments through cleavage. Interestingly, co-localization and 
physical interaction between MMP-2 and laminin ^3 chains were 
observed at the apical ES at stage VII and early VIII of the semi- 
niferous tubules and chemical induction of MMP-2 was shown 
to disrupt Sertoli-germ cell adhesion,^' indicating that MMP-2 
may mediate the production of active laminin fragments. Since 
CD147 is a well- known physiological inducer of MMP-2 and 
their co-localization was observed in round spermatid and sper- 
matozoa,''' it is plausible that CD147 may act as an initiator for 
the production of active laminin fragments required for dissolu- 
tion of apical ES. 

Apart from laminin 0d3, (33 and 73 chains, which are 
restricted to elongated spermatids, a number of different laminin 
chains are also observed in the basement membrane and basal 
ES.'''' Although active laminin fragments from (33 and 73 chains 
are found in the apical ES and are able to perturb BTB func- 
tions, leading to the hypothesis that disassembly of basal ES is 
coordinated by active laminin fragments from apical ES, the pos- 
sible contribution from laminin of the basement membrane and 
basal ES has not been examined. The observed co-localization of 
CD147 with MMP-2 in spermatogonia and spermatocytes and 
the demonstrated requirement of CD147 for MMP-2 activity in 
these germ cells'" suggest that CD147/MMP-2 may also produce 
active laminin fragments in the basement membrane and basal 
ES which could also contribute to the disassembly of basal ES. 
Further studies are required to demonstrate the role of CD147 in 
the initiation of disassembly of basal and apical ES. It should be 
noted that TGF-(3 has been found in the apical ES and BTB''^ and 
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overexpression or local administration of TGF-|3 has been shown 
to perturb BTB functions in vitro and in vivo/'^ Interestingly 
TGF-(3 is known to upregulate the expression of CD147 in HCC 
metastasis.*^ Therefore, it is plausible that TGF-(3 upregulates the 
expression of CD147 in the testis, which in turn induces MMP-2 
activity and subsequent active laminin fragment production that 
leads to the disassembly of basal and apical ES and restructuring 
of BTB. Of note, CD147 has also been implicated in blood-brain 
barrier function and some associated brain diseases.'''*'''''' Further 
studies are required to investigate the exact role and mecha- 
nism of CD147 in the regulation of restructuring of ES during 
spermatogenesis. 

CD147 Regulates Spermatocyte-Specific 
Survival/Apoptosis 

Apart from its well-established role in cell migration, recent stud- 
ies have demonstrated that knockdown of CD147 by siRNA or 
blocking functional CD147 with specific antibody inhibits the 
cancer growth and tumorigenecity of multiple cancer cells.^*^'^^ 
Further functional studies reveal that the massive cell death is 
due to enhanced cell apoptosis induced by CD147 inhibition,^^'^'' 
indicating CD147 regulates survival/apoptotic process in cancer 
cells. While the mechanisms underlying CDl47-mediated apop- 
tosis regulation are largely unknown, it has been suggested that 
CD147 blocking induces apoptosis through a caspase-dependent 
pathway. More interestingly, a recent study on HCC revealed 
that CD147 played pivotal roles in modulating the unfolded pro- 
tein response (UPR) -related anti-apoptosis and chemo-sensitivity 
mechanism in HCC through Bip (also called glucose-regulated 
protein 78), which provides an opportunity to enhance the effi- 
cacy of anti-tumor drugs in the treatment of HCC by CD 147 
inhibition.^'* 

In adult testes, apoptosis in germ cells is mainly involved in 
maintaining the dynamic balance of germ cells in order to elim- 
inate defective germ cells that fail to repair endogenous DNA 
mismatch or exposed to exogenous stimuli such as heat, chemo- 
therapeutic agents and environmental toxicants.^' De-regulation 
of germ cell apoptosis might lead to testicular cancer or infertil- 
ity,'*" highlighting the significance of tight control of apoptosis in 
spermatogenesis. The control of male germ cell apoptosis in the 
testis is a highly preserved process, which is regulated by both 
extrinsic (also known as death receptor pathway) and intrinsic 
pathway (mitochondrial pathway).^ The intrinsic pathway is trig- 
gered by the release of cytochrome c from the mitochondria when 
germ cells are under hypoxia or other stresses, resulting in the 
activation of caspase 9 in apoptosome complex with subsequent 
caspase cascades. In contrast, the extrinsic apoptosis pathway is 
triggered by activation of death receptors (TNFRl, Fas/CD95, 
DR3, DR4 and DR5) and their corresponding ligands (TNF-a 
and FasL), thereby triggering the activation of caspase-8 as the 
initiator of the downstream cleavage of procaspase effectors (such 
as 3, 6, 7 and 10), eventually leading to germ cell apoptosis.^ 
Additional pathway includes the perforin/granzyme pathway 
that induces apoptosis via either granzyme B or granzyme A.**' 
p53 has been demonstrated as a key player in the cellular response 



to multiple stresses and promotes apoptosis in both extrinsic and 
intrinsic pathways during spermatogenesis.*^ While p53-induced 
intrinsic apoptotic pathway has been elucidated to target on the 
pro-apoptotic proteins of bcl-2 family, including bcl-2, bax, bid, 
noxa and puma,'*^'** p53-mediated extrinsic apoptosis has been 
suggested to activate two death receptors (Fas/CD95, DR5) 
and PAR? in response to Gamma-irradiation, DNA damage 
and other stresses.**''*^ Of particular importance, p53 dependent 
apoptosis has been reported to be cell type specific during germ 
cell development.^''*'* 

Interestingly, it has long been observed that the CD147 knock- 
out male mice are infertile with arrested and degenerated germ 
cells observed in the testis,'' indicating possible involvement of 
CD147 in the apoptotic process of germ cells. Indeed, interfering 
with CD147 function by neutralizing antibody in vivo resulted 
in significant reduction in testicular size and weight, which was 
attributed to accumulated apoptosis-related germ cell loss, as 
indicated by a significant increase in apoptotic spermatocytes 
observed in stage XI-XII seminiferous tubules.**' Furthermore, 
immunodepletion of CD147 in spermatocytes cell line GC-2, 
but not spermatogonia cell line GC-1, results in a significant 
increase in the number of apoptotic cells.*' These findings have 
revealed a novel germ cell apoptosis regulation mechanism 
involving CD147, which provides a possible mechanism underly- 
ing the long observed germ cell arrest and degeneration in CD147 
knockout mice model.'' These findings also indicate that CD147 
may specifically regulate apoptosis in spermatocytes but not sper- 
matogonia, suggesting a distinct CDl47-mediated stage-specific 
apoptotic regulation program in spermatogensis. Interestingly, 
this CDl47-mediated apoptotic mechanism appears to be 
through a novel p53-independent pathway, involving the acti- 
vation of caspase-3 and PARP,**' details of which await further 
investigation. These results suggest that CD147 may be impor- 
tant in promoting the survival of differentiated germ cells during 
their development in spermatogenesis, downregulation of which 
may lead to germ cell apoptosis. 

Dual Role of CD147 in Spermatogenesis: 
A Surveillance Mechanism 
for Germ Cell Development? 

Spermatogenesis in mammals is a highly ordered process, which 
includes six consecutive mitotic cycles of differentiating sper- 
matogonia synchronized with the meiotic cycle of spermatocytes, 
and followed by spermatid differentiation to spermatozoa.'" On 
top of that, during spermatogenesis, developing germ cells must 
traverse from the basal lamina to the adluminal compartment 
of the seminiferous epithelium, at which terminally developed 
spermatozoa can be released into the tubular lumen. Accordingly, 
these processes must under precise regulation through an intricate 
network of signaling pathways to ensure the quality and quantity 
of mature spermatozoa.''"''*" Based on the findings that CD147 
is involved in the regulation of both migration and survival/ 
apoptosis of germ cells, we propose that the dual functionality 
of CD 147 during spermatogenesis may provide a quality control 
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Figure 1. Schematic diagram showing the dual role of CD147 in spermatogenesis. CD147 is expressed in spermatogonia (Spg), spermatocytes (Spc) 
and spermatids (Spd) and facilitates the production and activation of MMP-2 that is required for the migration of the developing germ cells (left 
panel). Defects or mis-regulation of CD147 would cease the migration and probably the differentiation of developing germ cells and spermiation of 
spermatids (right panel). GDI 47 may interact with (31-integrin and activate MMP-2 in regulating the production of laminin 73 fragment from the apical 
ES and other subtypes of laminin fragments from the basement membrane, which may involve in restructuring of the BTB and ES. CD147 also acts as 
an anti-apoptotic factor in spermatocytes via a p53-independent pathway, downregulation or defect of which leads to apoptosis of spermatocytes. 
The dual role of CD147 provides a quality control surveillance mechanism directing the germ cells to survive and migrate for further development or 
undergo apoptosis. Key: Spg-A, type A spermatogonia; Spg-B, type B spermatogonia; Pl-Spc, preleptotene spermatocyte; P-Spc, pachytene spermato- 
cyte; R-Spd, round spermatid; E-Spd, elongated spermatid; ES, ectoplasmic specialization. 



surveillance mechanism directing the germ cells to survive and 
migrate for further development or undergo apoptosis. 

On the one hand, CD147 facilitates the migration of the 
developing germ cells from the basal compartment toward the 



adluminal compartment which is important for the differentia- 
tion of germ cells. On the other hand, CD147 acts as an anti- 
apoptotic factor in spermatocytes through a p53-independent 
pathway (Fig. 1). This newly identified surveillance mechanism 
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may monitor both external and internal conditions to ensure the 
successful completion of upstream events before the germ cells 
proceed to the next phase. Of note, the expression of CD147 
increases along with the differentiation and migration of germ 
cells in the testis. While CD147 is expressed at all stages during 
mouse testicular development, its expression gradually increases 
in intensity during the differentiation of spermatocytes and sper- 
matids in adult mouse and human testes.'" More importantly, 
CD147 is colocalized with MMP-2 in adult mouse seminiferous 
tube, indicating that CD147 is associated with germ cell migra- 
tive mechanisms. Direct evidence supporting this notion comes 
from our recent study showing that CD147 regulates migration 
of spermatogonia and spermatocytes via induction of MMP-2 
production. Given that MMP-2 disrupts Sertoli-germ cell adhe- 
sion which could be mediated by active laminin fragments, and 
laminin fragments are required for the restructure of ES,''' it is 
very likely that CD147 functions as a critical migration regula- 
tor through induction of MMPs, which subsequently rearrange 
the structure of ES and facilitate the embedded migration and 
differentiation program of germ cells (Fig. 1). Indeed, immuno- 
electron microscopic analysis has demonstrated that CD147 is 
also localized on the plasma membrane of the Sertoli cells which 
are in close contact with spermatocytes and spermatids, indicat- 
ing that CD 147 is involved in the crosstalk between germ cells 
and their surrounding environment, such as Sertoli cells and ES. 

Our recent in vitro study has demonstrated that CD147 
deprivation induces apoptosis specifically in spermatocytes.^' 
These findings are consistent with the in vivo observation that 
the TUNEL positive signals accumulate at the spermatocytes 
rather than other germ cell types after CD147 antibody treat- 
ment in mice.**' After mitosis, the differentiated spermatogonia 
detach from the basement membrane and enter into the meiotic 
cycle. Further differentiation of primary spermatocytes is associ- 
ated with the migration toward the lumen of the seminiferous 
tubules. The tightly-controlled apoptosis during these processes 
plays a major role in spermatogonial density regulation as well as 
in the maintenance of the required homeostasis among various 
germ cell types. Thus, it appears that CD147 is critical for the 
synchronization between the spermatogonial and the spermato- 
cyte cycles and acts as a major molecular machinery controlling 
spermatocyte progression for further differentiation through its 
dual functionality: promoting migration and cell survival. In 
agreement with this hypothesis, we have observed a remarkable 
increase in the expression of CD147 at 21 dpp when spermato- 
cytes are the main germ cell type in the seminiferous tubules.'" 
The dynamic changes in the expression profile of CD147, along 
with its anti- apoptosis role, are consistent with the notion that 
upregulation of CD147 promotes the survival and migration of 
spermatocytes, failure of which could result in apoptosis and 
degeneration of germ cells (Fig. 1), as observed in CD147 knock- 
out mice. 



Concluding Remark 

Although studies on the role of CD147 in spermatogenesis are 
limited, they have revealed novel mechanisms governing germ 
cell apoptosis and migration, providing new insights into the 
complex and delicate regulation of spermatogenesis. CD147 
appears to be a key player in checking the differentiation stage 
and quality of germ cells and facilitating the migration of the 
checked germ cells for further differentiation. Apart from the 
regulatory role of CD147, we have learned several lessons on sper- 
matogenesis as well as cancer from these studies: (1) germ cell 
apoptosis regulation during spermatogenesis could be cell type- 
or stage specific; (2) the process of germ cell survival and migra- 
tion during spermatogenesis may be linked and governed by a 
single molecule; (3) certain molecular machinery controlling cell 
migration and/or cell survival are shared by male germ cells and 
cancer cells. 

While we have learned important lessons from CD147, it also 
raises several important questions, which may lead to exciting 
research on spermatogenesis. If CD147 is an important check- 
point molecule in spermatogenesis, what signal (s) triggers its up 
or downregulation? CD147 appears to regulate germ cell sur- 
vival/apoptosis and migration via distinctive mechanisms, does 
CD147 interact with different proteins to activate different sig- 
naling pathways? If yes, what are its interacting molecules? Does 
CD147 also regulate apical ES as demonstrated for basal ES? If 
yes, does it involve the same mechanism involving MMPs only 
or other proteases, such as uPA, as well? The CDl47-mediated 
apoptosis seems to be distinctively different from the conven- 
tional extrinsic and intrinsic germ cell apoptotic pathways since 
it is p53-independent. What is the exact signaling pathway for 
this CDl47-dependent p53-independent pathway? Does it have 
any cross-talk with the extrinsic and intrinsic pathways? The 
answers to these questions will undoubtedly and significantly 
advance our understanding of the regulatory mechanisms 
underlying spermatogenesis. Further studies comparing CD147 
expression profile and related signaling pathways between tes- 
ticular cancer and azoospermic patients will not only confirm 
a key role of CD147 in spermatogenesis but also provide a new 
potential diagnostic marker for cancer and a novel target for 
male contraceptives. 
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